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Abstract
For a positive integer k, a graph G is k-ordered if for every ordered set of k vertices, there is
a cycle that encounters the vertices of the set in the given order. If the cycle is also a hamiltonian
cycle, then G is said to be k-ordered hamiltonian. This was a concept that was introduced by Ng
and Schultz. There has been a series of results involving degree conditions, generalized degree
conditions, neighborhood conditions, and forbidden subgraph conditions that imply k-ordered or
k-ordered hamiltonian. There have also been results dealing with the same type of conditions
for bipartite graphs. Results of this nature will be surveyed. c 2001 Elsevier Science B.V. All
rights reserved.

1. Introduction
All graphs considered will be nite, undirected, and simple. For a graph G, the
vertex set will be denoted by V (G) and the edges set by E(G). If v ∈ V (G) and H is
a subset of vertices of G (or subgraph of G), then NH (v) will denote the vertices in
H that are adjacent to v. Thus, dH (v), the degree of v relative to H , is |NH (v)|, and
d(v) = dG (v). The minimum and maximum degree of vertices in G will be denoted
by (G) and (G), respectively. The connectivity of a graph will be denoted by
Ä(G). Notation will generally follow that in [5]. Speci c concepts, special notation,
and de nitions will be introduced as needed.
Hamiltonian graphs and various hamiltonian-related properties such as traceable,
hamiltonian-connected, pancyclic, panconnected, and cycle extendable have been studied extensively. There are several surveys of results related to these properties, (see,
for example, [2,16]). Recently, a new strong hamiltonian property was introduced by
Ng and Schultz in [22].
Deÿnition 1 (Ng and Schultz [22]). A graph G on n vertices, n¿3, is k-ordered for
any integer k, 26k6n; if for every ordered set S ={x1 ; x2 ; : : : ; xk } of k distinct vertices
in G, there exists a cycle that contains all the vertices of S in the designated order. A
1
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graph is k-ordered hamiltonian if for every ordered set S of k vertices there exists a
hamiltonian cycle which encounters S in its designated order.
Given an ordered k-set S = {x1 ; x2 ; : : : ; xk }, we will say a cycle C contains S, if S
appears in the designated order in C under some orientation of C. Any 2-connected
graph is 2-ordered, since any pair of vertices is on a cycle and the proper orientation
will give the containment. For the same reason, any 3-connected graph is 3-ordered,
and any hamiltonian graph is 3-ordered hamiltonian, since the proper orientation of the
cycle will give the required order to any collection of 3 vertices on the cycle. Thus,
k-ordered is really only interesting for k¿4.
The k-ordered property for a graph G is a strong one that forces G to have sucient
connectivity. For example, if G has a cutset K with k − 2 vertices that is contained
in the set S, and the two remaining vertices are consecutive in S and are in di erent
components of G − K, then it will be impossible for a cycle C to contain S. This was
observed in [22].
Theorem 1 (Ng and Schultz [22]). Let G be a graph on n vertices, n¿3. If G is
k-ordered, 36k6n; then G is (k − 1)-connected.
The previous result cannot be improved, since for any k¿3 there are (k−1)-connected
graphs that are k-ordered. The graph G obtained from a Kn−1 by adding a vertex that is
adjacent to precisely k − 1 vertices of the complete graph is an example of a k-ordered
graph (in fact, k-ordered hamiltonian) with Ä(G) = k − 1.

Clearly, if a graph G is k-ordered hamiltonian, then it is hamiltonian and also
k-ordered. However, the converse is not true. A graph G may be k-ordered and also
hamiltonian, but not k-ordered hamiltonian. Consider the graph F1 in Fig. 1, which is
obtained from a Kn; n+1 by adding one edge e = u1 u2 between two vertices in the large
part of the complete bipartite graph. This graph is hamiltonian, and if k ¡ n, then it
is k-ordered hamiltonian. However, any hamiltonian cycle of G must contain the edge
e, and so if u1 and u2 are in a k-set S but are not consecutive vertices in the ordered
set S, then there will be no hamiltonian cycle containing S.
In Section 2 degree-type conditions that imply k-ordered and k-ordered hamiltonian
that improve on the results of Ng and Schultz [22] will be described. In Section 3,
the relationship between connectivity, k-linked, and k-ordered will be discussed. In
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Fig. 1. F2 — d(x1 ) + d(y)¿n + (3k − 10)=2, not k-ordered.

Section 4, forbidden subgraph conditions that imply k-ordered and k-ordered hamiltonian will be introduced. In Section 5, some open questions will be listed.

2. Degree conditions and k-ordered
There are many degree condition that imply a graph is hamiltonian. Two of the
classical theorems of this nature are due to Dirac [6] and to Ore [23].
Theorem 2 (Dirac [6]). If G is a graph of order n¿3 with (G)¿n=2, then G is
hamiltonian.
Theorem 3 (Ore [23]). If G is a graph of order n¿3 such that
d(x) + d(y)¿n
for each pair of nonadjacent vertices x; y ∈ V (G), then G is hamiltonian.
More recently, generalized degrees and neighborhood union conditions that imply
hamiltonian properties were introduced in [14]. A series of neighborhood union results
followed, including the next result of Broersma and Veldman [4].
Theorem 4 (Broersma et al. [4]). If G is a 3-connected graph of order n ¿ 10 such
that
|N (x) + N (y)|¿n
for each pair of nonadjacent vertices x; y ∈ V (G), then G is hamiltonian.
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Fig. 2. F3 — (F3 ) = b(n + k − 2)=2c, not k-ordered.

Just as Ore did in [24] for hamiltonian-connected, it is natural to rst look at degree
conditions that imply hamiltonicity to see if they will also imply the stronger property
of k-ordered hamiltonian. This was done by Ng and Schultz [22] and they proved the
following Ore-type result.
Theorem 5 (Ng and Schultz [22]). Let G be a graph of order n¿3 and let k be an
integer with 36k6n. If
d(x) + d(y)¿n + 2k − 6
for every pair x; y of nonadjacent vertices of G, then G is k-ordered hamiltonian.
An immediate corollary of Theorem 5 is the following Dirac-type result.
Corollary 1 (Ng and Schultz [22]). Let G be a graph of order n¿3 and let k be an
integer such that 36k6n. If
n
(G)¿ + k − 3;
2
then G is k-ordered hamiltonian.
An example was given in [22] that showed that the degree conditions of Dirac and
Ore would have to be strengthened. Consider the graph F2 on n vertices (see Fig. 2)
composed of three parts: Kk − Ck ; Kk−1 , and Kn−2k+1 . The graph G contains all the
edges between Kk−1 and Kn−2k+1 and all the edges between Kk−1 and Kk −Ck . Between
Kn−2k+1 and Kk − Ck , only the edges incident to the even indexed vertices of Ck are
in G. This graph is not k-ordered because there is no cycle containing the vertices of
Ck in order. For y ∈ V (Kn−2k+1 ) and x ∈ V (Kk − Ck ); x an odd indexed vertex on
Ck ; d(x) + d(y) = n + (3k − 10)=2 for k even. Thus, d(u) + d(v)¿n + (3k − 10)=2 for
each pair of nonadjacent vertices u and v in G.
There is a gap between the example in Fig. 2 and the result in Theorem 5. This
gap was removed by Faudree et al. [8] by obtaining improvements for both Theorem
5 and Corollary 1 when the order of the graph is large. In particular, the following
two theorems on k-ordered hamiltonian were proved.
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Fig. 3. F4 — (F4 ) = d(2n + k − 1)=4e − 1, not k-ordered.

Theorem 6 (Faudree et al. [8]). Let G be a graph of suciently large order n. If for
any two nonadjacent vertices x and y,
3k − 9
;
2
then G is k-ordered hamiltonian.
d(x) + d(y)¿n +

Theorem 7 (Faudree et al. [8]). Let G be a graph of suciently large order n. If
( n+k−3
if n + k is odd;
2
(G)¿
n+k−2
if n + k is even;
2
then G is k-ordered hamiltonian.
It is clear that Theorem 6 is sharp not just for k-ordered hamiltonian, but also
k-ordered by the graph F2 in Fig. 2. To see that Theorem 7 is sharp for both k-ordered
and k-ordered hamiltonian consider the following graph F3 described in [8] and pictured in Fig. 3. Let F3 be the graph on n vertices composed of three parts: A =
Kb(n−k+2)=2c ; K = Kk−2 , and B = Kd(n−k+2)=2e . The graph F3 contains all edges between
K and A and between K and B. Observe that (F3 ) = b(n + k − 2)=2c − 1 and F3 is not
k-ordered because there is no cycle containing the ordered set S = {x1 ; : : : ; xk } where
{x1 ; : : : ; xk−2 } = K; xk−1 ∈ V (A), and xk ∈ V (B).
A corresponding generalization of Theorem 4 on neighborhood unions was also
proved in [8] with the next result.
Theorem 8 (Faudree et al. [8]). Let k be an integer, k¿2. Let G be a (k + 1)connected graph of suciently large order n. If |N (x) ∪ N (y)|¿(n + k)=2 for all
pairs of distinct vertices x; y ∈ V (G), then G is k-ordered hamiltonian.
It is not clear if Theorem 8 is sharp. However, the neighborhood condition is sharp
if the connectivity is ignored. This can be observed with the F3 in Fig. 3 which is
composed of the three parts: A = Kb(n−k+2)=2c ; K = Kk−2 , and B = Kd(n−k+2)=2e . Observe
that for x; y ∈ V (A); |N (x) ∪ N (y)| = b(n + k − 2)=2c, but F3 is only (k − 2)-connected.
It would be of interest to determine what the sharp result would be in this case.
The proof in each of the three previous results started by showing that the graph
G is k-ordered. In the case when Ä(G) is large (in fact 7k is sucient), then the
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connectivity and minimum degree condition is sucient to build short paths between
consecutive vertices of the ordered k-set S that avoids the remaining vertices of S,
and thus to build the cycle C that contains the set S. When there is a small cutset K,
then the graph G − K generally has the structure of two large nearly complete graphs.
In this case the diculty in nding the cycle C comes from building paths between
consecutive vertices of S in di erent components that must use vertices in the cutset
K. Results from matching theory and linkage in graphs are useful in constructing such
paths.
As was already mentioned, in each of the three previous results on k-ordered hamiltonian, the nature of the proof was to rst show that the graph was k-ordered, and
then to expand the cycle containing the vertices to a hamiltonian cycle. The next result
accomplished this, but the result is of interest in its own right.
Theorem 9 (Faudree et al. [8]). Let k be a positive integer and let G be a k-connected,
k-ordered graph of suciently large order n. If for every pair of nonadjacent vertices
x and y in V (G),
d(x) + d(y)¿n;
then G is k-ordered hamiltonian.
Since the condition d(x) + d(y)¿n in Theorem 9 is sharp for the implication of
just being hamiltonian, it is certainly sharp for being k-ordered hamiltonian. In fact,
the unbalanced complete bipartite graphs give the sharpness.
The concept of k-ordered can be adapted to other hamiltonian-type properties such
as hamiltonian-connected or to other classes of graphs, such as bipartite graphs. An
example of this is the following de nition of k-ordered hamiltonian-connected, which
can be found in [9], along with the corresponding degree condition theorem that is
analogous to Theorem 6.
Deÿnition 2 ( Faudree et al. [9]). A graph G on n vertices, n¿3, is k-ordered hamiltonian-connected for any integer k, 26k6n, if for every ordered set S ={x1 ; x2 ; : : : ; xk }
of k distinct vertices in G, there exists a hamiltonian path from x1 to xk that contains
the vertices of S in the designated order.
Theorem 10 (Faudree et al. [9]). Let G be a graph of suciently large order n. If
for any two nonadjacent vertices x and y,
3k − 9
;
2
then G is k-ordered hamiltonian-connected.
d(x) + d(y)¿n +

Hamiltonian properties for special classes of graphs, such as bipartite graphs, have
also been extensively studied. The following result for bipartite graphs also from [9]
corresponds to Theorem 6 as well.
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Fig. 4. F5 — Ä(F5 ) = 3k − 3, not k-linked.

Theorem 11 (Faudree et al. [9]). Let G be a balanced k-connected (k¿2) bipartite
graph of suciently large order 2n (n vertices in each part). If for any two nonadjacent vertices x and y,
k −1
;
2
then G is k-ordered hamiltonian.
d(x) + d(y)¿n +

A connectivity condition in the previous theorem is necessary, since the sum of
degree condition is not sucient to imply the graph is (k − 1)-connected. The sum
of degree condition is sharp. Consider the graph F4 of order 2n (see Fig. 4) that
is obtained from a path P4 by blowing up the vertices of the path into sets with
b(2n − k + 5)=4c, d(2n + k − 5)=4e; d(2n + k − 5)=4e, and b(2n − k + 5)=4c vertices,
respectively, and replacing each of the three edges with a complete bipartite graph.
This graph is not k-ordered but the sum of the degree of any two nonadjacent vertices
is at least n + (k − 1)=2 − 1. To observe that it is not k-ordered, consider the case when
the vertices in the ordered k-set alternate between the rst and last vertices in the P4
that is the basis for F4 .
The next result would appear at rst glance to be a corollary of the previous theorem,
but there is no connectivity condition, since the minimum degree conditions is sucient
to imply the required connectivity.
Theorem 12 (Fundree et al. [9]). Let G be a balanced bipartite graph of suciently
large order 2n. If
2n + k − 1
4
for k¿2, then G is k-ordered hamiltonian.
(G)¿

3. Connectivity
The concept of k-ordered is related to several other “connectivity” properties, in
particular to linkage.
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Deÿnition 3. For any 16k6n=2, a graph G of order n is k-linked if given any collection of k pairs of vertices L = {{xi ; yi } : 16i6k}, there are k vertex disjoint paths
(except possibly for endvertices) Pi such that Pi is a path from xi to yi .
All of the vertices in the k pairs of L need not be distinct. However, it can be
shown that requiring the 2k vertices in the de nition of k-linkage to be distinct gives
an equivalent de nition for k-linkage as long as the order of the graph is not too small.
If xi = x and yi = y for all i, then the collection of k vertex disjoint paths in the
de nition of k-linkage are between two xed vertices. Hence, clearly k-linked implies
k-connected. But in fact, more can be said. Any graph G with Ä(G)62k − 2 cannot
be k-linked, since if the collection of k pairs contains a minimum cutset K and the
2 vertices of some pair are in di erent components of G − K, then there cannot be a
path system required for k-linkage. Hence, k-linkage implies (2k − 1)-connected.
It is also clear that k-linked implies k-ordered. Given a k-set S = {x1 ; x2 ; : : : ; xk } in
a k-linked graph, the set of k paths Pi associated with the k pairs {xi ; xi+1 } with the
indices taken modulo k; (16i6k), form a cycle C that contains the set S. In addition
2k-ordered implies k-linkage, since if a set of vertices S2k = {x1 ; y1 ; x2 ; y2 ; : : : ; xk ; yk }
are placed in order on a cycle C, there is a collection of k vertex disjoint subpaths of
the cycle C between the pairs {xi ; yi } for (16i6k). Consider the graph H obtained
from a Kn−1 by adding a vertex v that is adjacent to 2k − 2 vertices of the complete
graph. It is straightforward to check that H is (2k − 2)-ordered, but H is not k-linked
since Ä(H )62k − 1.
The relationship between connectivity and linkage has been investigated. Surveys of
results related to connectivity and other stronger versions of connectivity can be found
in [10,28]. It has been known for some time that sucient connectivity would imply
linkage. Independently, Jung [18] and Larman and Mani [19] proved that if a graph G
is 2k-connected and contains a subdivision of a K3k , then G is k-linked. This fact along
with the result of Mader [20] that if (G)¿2

3k

r
2

, then G contains a subdivision of Kr ,

gives an upper bound of 2 2 on the connectivity that implies k-linkage. However,
a much sharper bound was proved by Bollobas and Thomason [3].
Theorem 13 (Bollobas and Thomason [3]). If G is a graph with Ä(G)¿22k; then G
is k-linked.
It is generally accepted that the connectivity needed to imply k-linkage is signi cantly
less than 22k, which is a bound that comes from just the proof techniques. Consider
the example F5 = K3k−1 − (kK2 ), which appears in Fig. 5. The ‘dotted’ edges represent
missing edges of F5 . The graph F5 has Ä(F5 ) = 3k − 3 and it is not k-linked, because if
the k pairs {(xi ; yi ) : 16i6k} associated with the k missing edges of F5 are selected,
there is an insucient number of additional vertices to form the required k paths. This
leads to the following question.
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Fig. 5. F6 — Ä(F6 ) = 2k − 4, not k-ordered.

Fig. 6. F7 — 5-connected, not 2-linked or 4-ordered.

Question 1: For k¿3; if Ä(G)¿3k − 2; then is G k-linked ?
There is a similar graph for k-ordered that corresponds to the graph in Fig. 5 and
a corresponding question. Consider the example F6 = K2k−1 − (Ck ) which appears in
Fig. 6. The graph F6 has Ä(F6 ) = 2k − 4 and it is not k-ordered, because if the set of k
vertices on the ‘missing’ cycle are chosen in the natural order, then it is not possible to
choose a cycle C in F6 that contains this set of vertices, because there is an insucient
number of additional vertices to form the required k paths between these vertices. This
leads to the following question.
Question 2: For k ¿ 4; if Ä(G)¿2k − 3; then is G k-ordered ?
Much more is known about 2-linked graphs than k-linked for k¿3. The following
was proved by Jung [18].
Theorem 14 (Jung [18]). If Ä(G)¿6; then G is 2-linked.
The previous result is sharp, since there are 5-connected graphs that are not 2-linked.
In fact there are 5-regular 5-connected planar graphs that are not 2-linked, such as the
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Fig. 7. F8 — Forbidden subgraphs.

graph F7 in Fig. 7. Note that in F7 there is no linkage for the pairs {x1 ; x3 } and {x2 ; x4 },
since any path from x1 to x3 will separate x2 from x4 . In addition, Seymour [26] and
Thomassen [27] gave complete characterizations of graphs that are not 2-linked.
The 5-connected graph F7 in Fig. 7 is also not 4-ordered. Little is known about
the minimal connectivity that implies 4-ordered, but it is natural to ask the following
specialized question.
Question 3: If G is a 6-connected graph; is G 4-ordered ?
It would be of interest to have sharp results for the relationships between the three
graphical parameters connectivity, linkage, and orderable. The previous results and
examples give some inequalities involving these parameters that are summarized below.
Theorem 15. For k¿3;
(1)
(2)
(3)
(4)
(5)
(6)

(2k)-Connected : k-linked ⇒ (2k − 1)-connected.
(k)-Connected : k-ordered ⇒ (k − 1)-connected.
(d4k=3e)-ordered : k-linked ⇒ k-ordered.
(dk=2e + 1)-linked : k-ordered ⇒ bk=2c-linked.
k-linked : (3k − 3)connected, (22k)connected ⇒ k-linked.
k-ordered : (2k − 4)connected, (22k)connected ⇒ k-ordered.

4. Forbidden subgraphs
Given a graph F, a graph G is said to be F-free if there is no induced subgraph
of G that is isomorphic to F. The graph F is called a forbidden subgraph of G. In
the case of forbidden pairs of graphs, say F and H , we will simply say the graph

R.J. Faudree / Discrete Mathematics 229 (2001) 73–87

83

Fig. 8. F9 — Forbidden subgraphs.

is FH -free, as opposed to {F; H }-free. The most common of the forbidden subgraphs
is the claw C = K1; 3 , and claw-free graphs have been studied extensively. Results on
hamiltonian properties implied by forbidden subgraph properties have been studied extensively, and in fact, forbidden singletons and forbidden pairs of connected graphs that
imply that a 2-connected graph is hamiltonian have been characterized. Also, similar
characterizations have been given for other hamiltonian properties such as traceable,
pancyclic, cycle extendable, etc. A survey of results of this kind can be found in [11],
and a more general survey on claw-free graphs can be found in [12].
The following result of Faudree and Gould [13], which extends the results of
Bedrossian [1], gives all forbidden singletons and forbidden pairs that imply hamiltonicity in 2-connected graphs. The collection of forbidden graphs that are frequently
used and are referred to in Theorem 12 are pictured in Fig. 8.
Theorem 16 (Faudree and Gould [13]). The only connected forbidden subgraph F that
implies a 2-connected graph G is hamiltonian is P3 . Let X and Y be connected graphs
with X; Y
P3 ; and let G be a 2-connected graph of order n¿10. Then; G being
XY -free implies that G is hamiltonian if; and only if; up to the order of the pairs;
X = C the claw; and Y is a subgraph of either P6 ; N; W; or Z3 .
It is natural to investigate the implications of forbidden subgraphs on the hamiltonian property k-ordered hamiltonian. This was done in [7]. An example was described
in [22] that showed that k-ordered implied k − 1 connected. The graph F2 in Fig.
2 gives an even stronger condition on some k-ordered graphs. The graph F2 is not
k-ordered, is (3k=2 − 1)-connected, is C-free, and it does not contain any of the forbidden subgraphs in the pairs of Theorem 16 except for the three graphs Z1 ; Z2 and
P4 . These examples indicate that forbidden subgraph results that imply k-ordered or
k-ordered hamiltonian will have to assume some level of connectivity, since most
of the forbidden subgraph conditions are too weak to imply any connectivity on the
graph.
Sucient connectivity in C-free graphs certainly implies hamiltonicity. There is the
following well-known conjecture of Matthews and Sumner.
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Conjecture 1 (Matthews and Sumner [21]). If G is a 4-connected C-free graph, then
G is hamiltonian.
Although this conjecture is still open, there have been signi cant progress made
recently with results of Jackson [17]) and Zhan [29] on line graphs, and Ryjacek [25]
on closure in graphs, which give the following.
Theorem 17 (Ryjac ek [25]). If G is a 7-connected C-free graph; then G is
hamiltonian.
Sucient connectivity also implies k-ordered, and in fact the stronger k-linked
property. This has already been observed in [3], where it was shown that 22k-connected
implies k-linked. In the class of C-free graphs, the connectivity condition that implies
linkage can be reduced signi cantly. This was observed by Faudree
et al. [15].
Theorem 18 (Faudree et al. [15]). For k¿1 a ÿxed integer and n suciently large;
any (4k − 3)-connected C-free graph G of order n is k-linked.
A summary of the stronger forbidden subgraph conditions that imply k-ordered that
were proved in [7] are given in Theorem 19.
Theorem 19 (Faudree and Faudree [7]). Let k be a ÿxed positive integer.
(1) If G is a connected P3 -free graph of order at least k; then G is k-ordered hamiltonian.
(2) If G is a connected CZ1 -free graph of order at least 3k=2; then G is k-ordered
hamiltonian.
(3) If G is a k-connected CP4 -free graph of order at least 2k; then G is k-ordered
hamiltonian.
(4) If G is a (3k=2 − 1)-connected CZ2 -free graph of order at least 3k=2; then G is
k-ordered hamiltonian.
(5) If G is a (3k=2 − 1)-connected CP5 -free graph of order at least 2k; then G is
k-ordered hamiltonian.
Patterned after the work in [19] the following result observed in [7] is useful in
dealing with more general classes of forbidden subgraphs that imply k-ordered.
Theorem 20 (Faudree and Faudree [7]). If G is a 2k-connected graph for k¿1 that
contains a K2k ; then G is k-ordered.
The generalized net Ni; j; k is obtained from a triangle by adding vertex disjoint paths
of lengths i; j; k respectively to the three vertices of the triangle. The generalized bull
Bi; j = Ni; j; 0 and Zi = Ni; 0; 0 . Using Theorem 20 and the generalized nets, bulls, and
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Zi graphs just described and pictured in Fig. 8, a more general forbidden subgraph
theorem for k-ordered was proved in [7].
Theorem 21 (Faudree and Faudree [7]). Let i; j; and k be ÿxed positive integers
and let n be a suciently large integer. If G is a 2k-connected C-free graph of
order n; then G is k-ordered if G is Pi -free; Zi -free; Bi; j -free; or Ni; j; 1 -free with
(G)¿4k − 3.
In [7] the forbidden subgraph conditions that implies hamiltonicity were combined
with those that implies k-ordered to obtain the following result for k-ordered hamiltonian graphs, which is the analogue for the Bedrossian [1], and Faudree and Gould
[13] result for hamiltonian graphs.
Theorem 22 (Faudree and Faudree [7]). Let k be a ÿxed integer and let G be a
2k-connected graph of order n for n suciently large. The only connected forbidden subgraph F that implies G is k-ordered hamiltonian is P3 . Let X and Y be
connected graphs with X; Y
P3 . Then; G being XY -free implies that G is k-ordered
hamiltonian if; and only if; up to the order of the pairs; X = C and Y is a subgraph
of either P6 ; N; W; or Z3 .

5. Questions
Some speci c questions relating connectivity, k-ordered, and k-linkage were raised
in Section 3. There are a large number of broader questions that arise quite naturally
from the summarized results. Any condition that implies a graph is hamiltonian is a
candidate to imply a graph is k-ordered. Thus, the following question.
Question 4: Which degree conditions or forbidden subgraph conditions that imply a
graph is hamiltonian, also imply the graph is k-ordered assuming the appropriate
minimum connectivity is assumed ?
A speci c case of the previous question deals with the neighborhood union condition
of Theorem 8. Is Theorem 8 sharp ?
Question 5: What is the minimum |N (x) ∪ N (y)| for vertices x and y in a
(k − 1)-connected (or k-connected) graph G of order n such that G is k-ordered ?
The k-ordered results in Section 4 did not include the most general case for generalized nets when each of the paths attached to the triangle is of length at least 2.
Question 6: Is a 2k-connected graph G k-ordered (hamiltonian) when (G)¿4k − 3
and G is CN‘; m; n -free for ‘¿m¿n¿2 ?
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On the other hand, one can ask to minimize the connectivity needed to imply
k-ordered for a graph with a forbidden subgraph condition. More speci cally, one
can ask the following question.
Question 7: Given a graph F, what is the minimum connectivity k = k(F) such that
any CF-free graph is k-ordered (hamiltonian) ?
The hamiltonian-type results involving k-ordered have dealt mainly with just hamiltonian graphs. Many of the other hamiltonian-type properties relative to k-ordered
would also be of interest. The following question on hamiltonian-connected is one such
example.
Question 8: Which pairs of forbidden subgraphs imply a graph G is k-ordered
hamiltonian-connected if appropriate connectivity is assumed ?
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